To estimate the factors and prevalence of eye care service utilization in the South Korean population. Methods: This cross-sectional, population-based study included data from 22,550 Koreans aged ≥5 years who participated in the Korea National Health and Nutrition Examination Survey from 2010 to 2012. For people aged 5 to 11 years (young children), information was based on self-reports of contact with eye care service in the past year; for people aged ≥12 years (older population), the information was based on the self-reported lifetime contact with eye care service. Univariate and multivariate logistic regression analyses of the complex sample survey data were performed. Results: The prevalence of eye care service use in young children during the past year was 61.1% (95% confidence interval, 58.1%-64.1%), while that in the older population during their lifetime was 73.5%. Subjects aged 7 to 11 years were more likely to have had an eye examination in the past year than subjects aged 5 to 6 years (odds ratio, 3.83; 95% confidence interval, 2.37-6.19). Multivariate logistic regression analysis indicated that higher monthly household income, being a National Health Insurance holder, and having private health insurance were related to more frequent use of eye care services in young children. For the older population and women, those living in an urban area and those with a best-corrected visual acuity less than 20 / 40 in the worse-seeing eye were more likely to have had an eye examination during their lifetime. Low education level was associated with low lifetime use of eye care services in the older population. Conclusions: There are sociodemographic disparities with use of eye care services in South Korea. This population-based study provides information that is useful for determining different intervention programs based on sociodemographic disparities to promote eye care service utilization in South Korea.
Visual impairment associated with many ocular conditions can be prevented if it is detected and treated early; therefore, it is important for eye care services to be used regularly [1] . In children, visual impairment affects cognitive and motor development, educational performance, and socialization, as well as quality of life later in adulthood [2] [3] [4] . Due to remarkable advances in technology, as well as our increased understanding of the developing visual system, vision screening can now be performed readily. Indeed, routine vision screening has been recommended by several medical organizations, including the American Academy of Ophthalmology, the American Academy of Pediatrics, the American Association of Pediatric Ophthalmology and Strabismus, and the American Association of Certified Orthoptists. Furthermore, these organizations recommend screening for adults as well as for children [5] [6] [7] .
Several recent studies have emphasized preschool vision screening to prevent amblyopia [8] [9] [10] [11] . For instance, Høeg et al. [10] reported an over four-fold decrease in the prevalence of amblyopia after the National Preschool Vision Screening program was instituted in Denmark. Furthermore, as the adult population continues to age, we can expect a proportionate increase in the population at risk for eye diseases such as glaucoma, age-related macular degeneration, and diabetic retinopathy [12, 13] . Therefore, we conducted this study to determine the sociodemographic factors associated with poor use of eye care services in the South Korean population (from the age of 5 years onwards), as well as to identify potential barriers to use in subpopulations that fail to attend their recommended eye care.
The Korea Centers for Disease Control and Prevention have been conducting the Korea National Health and Nutrition Examination Survey (KNHANES) regularly since 1998. The KNHANES is a national program designed to assess the health and nutritional status of adults and children in South Korea [14, 15] . The KNHANES is an annual cross-sectional survey, and its target population comprises nationally representative non-institutionalized South Korean citizens. Each survey year includes a new sample of approximately 10,000 individuals aged 1 year or older. Data from this survey have been used to estimate the prevalence of various diseases in the entire population and also to monitor trends in prevalence and risk factors of various health-related conditions in the South Korean population. Since July 2008, the KNHANES has included ophthalmologic interviews and examinations with help from the Korean Ophthalmological Society [16] . We used the ophthalmologic data acquired from the KNHANES Phase V (2010) (2011) (2012) to investigate the use of eye care services in the South Korean population.
To our knowledge, no studies have reported the prevalence of eye care service utilization by both children and adults in South Korea, or the associated sociodemographic factors; previous studies have focused on age-specific or disease-specific groups [17] [18] [19] [20] . Understanding the prevalence of eye care service utilization and associated sociodemographic factors may help with the design of tailored public eye healthcare services. Therefore, the aim of the present study was to report the estimated prevalence of eye care service utilization among the general population in South Korea, and its relationship with sociodemographic factors.
Materials and Methods

Data source and study population
The data used for this study were taken from the KN-HANES 2010-2012. The KNHANES is a nationwide, population-based, cross-sectional health examination and survey conducted regularly by the Division of Chronic Disease Surveillance of the Korea Centers for Disease Control and Prevention, under the Ministry of Health and Welfare [16, 21] .
The survey has three parts: health interview, health examination, and nutrition survey. The health interview comprises a questionnaire that consists of both household and individual components. The household component is based on information provided by an adult respondent aged ≥19 years from a sampled household; it surveys the demographic characteristics of all members of the sampled household, as well as their income. The individual component questionnaire collects information on medical conditions, education and occupation, use of healthcare services, activity limitation, and quality of life and injury using a face-to-face interview conducted by trained interviewers. The content of the individual component questionnaire differs among age groups, because the risk and prevalence of many diseases vary with age. For participants aged 5 to 11 years, the health interview questionnaire was completed by a legal guardian. To select which households are to participate in the survey, a stratified, multistage, probability-sampling design is used; this ensures that each year's survey result represents the entire general population of South Korea. In the 2010 to 2012 survey, all members of each selected household were asked to participate in the survey, and the participation rate was 75.9% to 77.5%.
Our cross-sectional study included data from a representative sample of South Koreans aged ≥5 years; the data were collected during the fifth KNHANES (KNHANES V 1, 2, and 3, conducted in years 2010, 2011, and 2012, respectively). A total of 23,376 subjects had completed the Health Examination Survey and undergone ophthalmologic examinations; after those aged <5 years (n = 601) and subjects who had no visual acuity data (n = 679) were excluded, the remaining 22,096 were included in this study (Fig. 1) . The survey adhered to the tenets of the Declaration of Helsinki for biomedical research and was approved by the institutional review board of the Korea Centers for Disease Control and Prevention. Written informed consent was obtained from each participant. The design of this specific study was approved by the institutional review board of Kim's Eye Hospital, Seoul, South Korea.
Measurements
1) Dependent variable: use of eye care services
Participants aged 5 to 11 years were asked, "have you visited a healthcare provider for an eye examination within the past year? If so, specify where you had the eye examination." Participants who had undergone eye examination specified whether it had taken place in a pediatric clinic affiliated with the National Health Insurance (NHI) Corporation, an ophthalmology clinic affiliated with the NHI Corporation, an opticians' shop, or a non-NHI Corporation ophthalmologist, during the course of vision screening in school, or other.
Participants aged 12 years or older were asked, "when was the last time you had your eyes examined by an ophthalmologist, pediatrician, or other eye care provider (e.g., an optician or a provider of vision screening in school)?" They responded with one of the following options: within the past month, within the past year, within the past 3 years, 3 or more years ago, or never. We then categorized all respondents in this older age group into two groups: those who had visited an eye care provider in their lifetime and those who had not.
2) Independent variables
Participants were categorized into two main age groups: 5 to 11 years (young children) and ≥12 years (older population). The young children were then further categorized into two subgroups: 5 to 6 and 7 to 11 years; the older population was subcategorized into seven age groups (12-19, 20-29, 30-39, 40-49 , 50-59, 60-69, and ≥70 years). The sociodemographic covariates were sex (men/women), monthly house income (lowest, medium-lowest, mediumhighest, highest quartiles), residential area (urban/rural), NHI status (NHI holder who was not a recipient of National Basic Livelihood Security [NBLS], or recipient of NBLS), private health insurance (PHI) status (PHI holder or not), and best-corrected visual acuity (BCVA, ≥20 / 40 and <20 / 40) in the better-seeing eye and also in the worse-seeing eye were included as covariates that might affect eye care service utilization. Residential area was classified as urban in the cities of Seoul, Busan, Daegu, Incheon, Daejeon, Gwangju, and Ulsan and all other provinces were classified as rural (Gyeonggi, Gangwon, Chungnam, Chungbuk, Jeonnam, Jeonbuk, Gyeongnam, Gyeongbuk, and Jeju). Education was categorized into four levels of elementary school graduate or lower, middle school graduate, high school graduate, and university graduate or higher. 
Statistical analysis
The overall weighted prevalence rates for eye care services utilization were expressed as percentages of the study population, with 95% confidence intervals (CIs). Because the results of the KNHANES V had been weighted to compensate for the complex sampling design and allow for approximations of the Korean population, weighted analyses were performed using SPSS ver. 20.0 software (IBM Co., Armonk, NY, USA). The associations between the use of eye care services (whether or not the participant had visited an eye care provider) and age, sex, education level, monthly household income, residential area, and the BCVA values of the better-seeing eye and worse-seeing eye were analyzed using logistic regression. Odds ratios (ORs) and 95% CIs were calculated: the OR was used to 
Results
Baseline characteristics
In total, 22,096 Koreans (2,232 young children and 19,864 older people), representative of 47,990,761 Koreans (based on the 2010 Census of Korea), were included in this study. The characteristics of the study population are shown in Table 1 . The mean age of the study participants was 39.4 years (95% CI, 39.0-39.9 years), and 797 subjects who had not undergone ophthalmologic examination, 601 subjects under 5 years of age, and 679 subjects who had no visual acuity data were excluded. The nonparticipants were more likely to be in the older age groups, less educated, and in the lower household income group than the participants. However, the distributions of sex, residential area, NHI status, and possession of PHI to supplement NHI coverage were not significantly different between participants and nonparticipants.
Use of eye care services in young children
In young children, the weighted prevalence of the eye care service utilization within the past year was 61.1% (95% CI, 58.1%-64.1%). More than half of the population (56.3%; 95% CI, 52.6%-59.9%) had received eye care services by visiting an ophthalmology clinic (including NHI Corporation clinics); the next largest proportion had undergone school vision screening (19.8%; 95% CI, 17.0%-23.0%). A smaller portion of subjects visited an optician's shop (7.4%; 95% CI, 5.7%-9.5%), and the smallest portion of subjects attended a pediatric clinic (4.1%; 95% CI, 2.8%-6.0%). Fig. 2 shows the types of eye care services that were used by young children within the past year.
The associations between various factors and the use of eye care services within the past year among young children are described in Table 2 . The use of eye care services was significantly associated with age, sex, and monthly household income, but not with residential area, NHI status, PHI status, or BCVA of either the better-seeing eye or the worse-seeing eye in univariate analysis. In multivariate analysis, no association was found between the use of eye care services and sex, but there was a significant association with age, monthly household income, NHI status, and PHI status. Notably, the odds of eye care service utilization increased as monthly household income increased and were 14.6 times higher in the highest monthly household income group than in the lowest one (95% CI, 2.45-87.03). A strong association between eye care services utilization was also found with NHI status (OR, 10.18; 95% CI, 1.01-102.32) and PHI status (OR, 2.37; 95% CI, 1.06-5.39): NHI holders who were not non-NBLS recipients were 10.18 times more likely to have used an eye care service in the past year than recipients of NBLS, and PHI holders were 2.4 times more likely to have used one in the past year than non-PHI holders. Table 3 shows the associations between sociodemographic factors and eye care in an ophthalmology clinic during the previous year for young children. Age was the only significant factor in univariate analysis, whereas age and monthly household income were both significant factors associated with ophthalmology clinic visits in the multivariate analysis. Young children in the older age group (7-11 years) were significantly more likely to have visited an ophthalmology clinic than children in the younger age group (5-6 years), even when controlling for other factors; conversely, children in the highest monthly household income group were more likely to have received eye care in an ophthalmology clinic than those in the lowest group, but only when age and other variables had been controlled (OR, 8.42; 95% CI, 1.01-69.93). OR = odds ratio; CI = confidence interval; NHI = National Health Insurance; NBLS = National Basic Livelihood Security; PHI = private health insurance; BCVA = best-corrected visual acuity. OR = odds ratio; CI = confidence interval; NHI = National Health Insurance; NBLS = National Basic Livelihood Security; PHI = private health insurance; BCVA = best-corrected visual acuity. 4 . Elapsed time since last use of eye care services in the older population (aged ≥12 years). The weighted prevalence for those who had never had eye care in their lifetime was 26.5% (95% CI, 25.4%-27.6%). In those who had eye care at least once, the weighted prevalence was 22.1% (95% CI, 21.3%-22.9%), 19.5% (95% CI, 18.7%-20.3%), 25.9% (95% CI, 25.1%-26.7%), and 6.1% (95% CI, 5.7%-6.6%) in the over 36 months, within 12-36 months, within 1-12 months, and within 1 month groups, respectively. CI = confidence interval.
Use of eye care service in the older population
The weighted prevalence of lifetime use of eye care services in the older population was 73.5% (95% CI, 72.4%-74.6%). The age group-specific weighted prevalence of lifetime use of eye care services is shown in Fig. 3A . Lifetime use of eye care services was highest in those aged 12 to 19 years (82.1%; 95% CI, 79.8%-84.2%) and lowest in Fig. 3B . The likelihood that a given participant had used eye care services gradually decreased through the ages of 12 to 19 years and 30 to 39 years and then gradually increased with advancing age. Fig. 4 shows the elapsed time from the last use of eye care services in the older population. The weighted prevalence in those who had never used eye care was 26.5% (95% CI, 25.4%-27.6%). Table 4 shows the results of the univariate and multivariate analyses for the associations between various sociodemographic factors and the likelihood of lifetime use of eye care services in the older population. Univariate analysis indicated significant association between the use of eye care services and age, sex, residential area, BCVA of the better-seeing and the worse-seeing eye, and education level. Unlike young children, no association was found between lifetime use of eye care services and monthly household income, NHI status, or PHI status in the older population. In multivariate analysis, there was a significant relationship between the use of eye care services and age, sex, residential area, BCVA of the worse-seeing eye, and education level. Women were more likely to have received eye care services than men (OR, 1.78; 95% CI, 1.47-2.16), and urban residents were more likely to have received eye care than rural residents (OR, 1.35; 95% CI, 1.04-1.73). The odds of elementary school graduates or lower having received eye care were 0.56 times lower than that of those with university or higher level education (95% CI, 0.37-0.85).
Discussion
We classified our participants into young children (aged 5-11 years) and an older population (≥12 years) based on vision development and frequency of vision-screening examinations at specific ages. Children tended to regularly use eye care services as part of health-screening programs for infants and children that are funded under the NHI Act, as well as a vision-screening program that was introduced by the School Health Act in South Korea. Specifically, infants and children undergo health screenings that include examinations for normal healthy growth; these include growth and development assessments and infant care consultations that reinforce health education. Before the age of 6 years, children may undergo up to seven screening examinations, i.e., at 4, 9, 18, 30, 42, 54, and 66 months. Under the School Health Act, first and fourth graders in elementary school, first year middle schoolers, and high school students are eligible for school-based vision-screening examinations at designated clinics; the examinations include tests for visual acuity, color vision, and common ocular diseases such as conjunctivitis, epiblepharon, and strabismus. In addition, school health staff check children's visual acuity in the second, third, fifth, and sixth grades of elementary school, so that all grades in elementary school, the first year in middle school, and high school students are assessed regularly. Moreover, school health staff recommend that students undergo a more thorough examination if visual acuity in either eye is less than 20 / 30.
Eye care service at ophthalmology clinics can be distinguished from pediatric clinics and optician shops or any other screening eye care services. Uncorrected visual acuity within the normal range does not guarantee that the eye is free of ophthalmologic disorders, and visual acuity cannot be fully corrected in those with amblyopia or other eye disorders. The Korean Ophthalmological Society suggests that everyone between 3 to 4 years of age should go through ophthalmologic examinations even if they do not have symptomatic ophthalmologic problems. Therefore, we also analyzed factors associated with children visiting ophthalmologists.
The estimated prevalence of eye care service utilization in young children during the previous year was 61.1% (95% CI, 58.1%-64.1%), which is higher than in the United States and Taiwan, where the annual rate of eye care service use was 57.4% and 43.5%, respectively, in children with ocular disease and 49.3% and 22.5% in children without ocular disease [13, 22] . These differences between countries may exist because U.S. citizens do not have compulsory NHI. South Korea has a nationwide universal health system, the NHI Corporation, which is a single insurer that provides health insurance for most citizens living in the country. The NHI covers the majority of citizens, while the NBLS covers the poor and other specified groups. All South Korean citizens are compulsorily beneficiaries of either the NHI or NBLS. People who receive coverage pay a certain portion of their healthcare costs as a co-payment; this portion is determined differently depending on whether the individual is using inpatient or outpatient services, as well as the type and level of the healthcare institution. People who want coverage of services that the NHI system does not cover can get additional PHI.
Recent research has indicated that screening leads to improved visual outcomes due to consequent early treatment in children aged 18 months to 5 years; however, in this study, the prevalence of eye care service utilization in children aged 5 to 6 years (39.4%; 95% CI, 34.0%-45.1%) was significantly lower than in those aged 7 to 11 years (68.0%; 95% CI, 64.7%-71.2%). This discrepancy by age group may have occurred because children aged 7 to 11 years can complain about the loss of vision or visual symptom compared with younger children (aged 5-6 years). However, our data indicate no association between visual acuity and the use of eye care services in young children; this discrepancy may have occurred because the school vision-screening program is compulsory, whereas the health-screening programs for children aged 5 to 6 years are not mandatory. Our results suggest that many South Koreans do not follow the recommendations to visit an eye care professional every 1 to 2 years, especially for younger children [23] . Su et al. [24] reported that lack of parental awareness is an important barrier to children receiving vision screening, and Williams et al. [25] reported that family unawareness of the need for care is a major obstacle to ophthalmologic care in at-risk pediatric populations. A nationwide intervention program aimed at increasing awareness of the importance of eye care in children aged 5 to 6 years should be implemented.
Coupled with the rapid increase in the number of health facilities in recent decades, the public health financing policy has improved access to healthcare facilities in South Korea [26] ; however, there are significant economic and insurance factors associated with eye care utilization by young children. An individual NHI holder is about 10 times more likely to have had eye care in the previous year, and those having PHI are about twice as likely to have sought eye care for young children in the past year. However, no difference in receiving eye care at ophthalmology clinic was revealed by NHI status or PHI status.
Moreover, the younger children in the highest monthly household income group were more likely to have had eye care at an ophthalmology clinic in the previous year. This indicates that having national and/or PHI could lead to increased screening, but not to increased ophthalmology clinic visits. A patient might visit an ophthalmology clinic only if they were recommended for further evaluation for abnormal results in screening; additionally economic barriers might prevent care at an ophthalmology clinic, regardless of health insurance status. Since eye care for children is initiated by their caregivers, an intervention program and insurance policy should be put in place to ensure that children receive the eye care they need at the appropriate times, regardless of family income status.
In this study, women in the older population were more likely to have attended eye care services than men; this corroborates with reports from other countries [27] [28] [29] [30] . For example, Lee et al. [27] reported that women in the United States use eye care services more often than men, and this is consistent with the Beaver Dam Eye Study [31] . In contrast, Nirmalan et al. [32] and Emamian et al. [33] reported that men were more likely to have received eye care services in hospitals in rural India and Northern Iran. Furthermore, a sex difference in the prevalence of visual impairment has been noted in both high-income and low-income countries [34] [35] [36] [37] . The main cause of this disparity is that, in low-income countries, women use eye care services much less frequently [38] . Park et al. [18] reported in another study that used the KNHANES Phase V survey that the prevalence of low vision and blindness was generally higher among women than men in South Korea. In the present study, the odds of eye care service utilization was higher in women than man even after adjusting the vision by BCVA ≥20 / 40 or <20 / 40 in the better-seeing eye and also in the worse-seeing eye. Additional research is required to determine whether the more frequent use of eye care services among women can be explained by their higher prevalence of low vision and blindness.
This study found that South Korea individuals in the older population with higher education levels tended to use eye care services more often than those with lower education; this is consistent with other reports [39] [40] [41] . Parental educational level is also important, because it affects not only personal use of eye care services, but also children's access to care. Several studies have shown that children with eye diseases whose parents have a lower level of edu-cation receive a lower level of eye care [27, 28, 39] . Furthermore, numerous studies have shown that the quality of physician-patient communication is lower among the less educated than among more educated patients [27] .
In our study, the aforementioned economic and insurance factors were not related to the use of eye care services in the older age population. This suggests that, in contrast with some other reports, financial constraints were not significant barriers to eye care in older individuals in our population because most are covered by the NHI system. In contrast with our study, several studies have shown that eye care is less common among uninsured adults [27, 28, 42, 43] . Specifically, Lee et al. [27] reported that adults who had experienced an interruption in their health insurance coverage in the previous 12 months were less likely to have reported visiting an ocular healthcare provider than those who were consistently insured. They estimated that 3.8% (7.8 million) of community-dwelling adults in the United States reported an insurance-coverage gap in the past 12 months. They also found that adults with concurrent private and public healthcare coverage were generally more likely to have reported an ocular healthcare visit in the preceding 12 months than were adults who had private insurance only, even after adjusting for sex, level of visual impairment, and education. These differences between countries may exist because U.S. citizens do not have compulsory NHI. Together, these results indicate that, while economic and insurance factors were not related to the use of eye care services in the older population of South Korea, men, rural residents, and those with better visual acuity in the worse-seeing eye were less likely to have had an eye examination during their lifetime. One possible explanation for this is that the older population may encourage their children to receive eye care, because of their economic status, but they may not have time or accessibility for their own eye care; in addition, accessing facilities may be difficult in terms of time and geographic distance, and these individuals may not prioritize eye care in the absence of serious vision impairment. Therefore, different intervention programs or campaigns are needed and should be customized for specific age groups. Education or campaigns to emphasize the importance of regular eye checkup are needed for the older South Korean population rather than encouraging them to buy PHI.
There were several limitations to our study. First, the non-response rate in the KNHANES ranged from 24.1% to 22.5% between 2010 and 2012, and non-response to the survey introduced a bias. Researchers conducting the KN-HANES must devise and implement methods for reducing this bias during the KNHANES data analysis. Similarly, our data may have some degree of recall bias, and the correlations identified in this cross-sectional study do not necessarily ensure causal relationships. Second, comparison of our study participants and nonparticipants revealed significant differences: nonparticipants were more likely to be older and less educated than participants. These differences in age and education between participants and non-participants in our study may have led to an underestimation of eye care services utilization. Our results show that the elderly population (aged ≥70 years) tended to use eye care services more than younger age groups (OR, 0.46; 95% CI, 0.28-0.74 for age 30-39 years; OR, 0.62; 95% CI, 0.39-0.99 for age 40-49 years), whereas the least educated group (elementary school or lower) tended to use eye care services less than the more highly educated population (OR, 0.56). Third, we did not compare individuals diagnosed with a specific eye condition, e.g., diabetic retinopathy or glaucoma, to those without eye disease. Individuals with diabetic retinopathy or glaucoma may be more likely to have used eye care services, because these conditions necessitate regular check-ups. To assess eye health, we analyzed the BCVA values in the better-seeing and the worse-seeing eye; however, glaucoma patients with peripheral visual field defects and central vision sparring may have good BCVA. Additional research is needed to assess whether specific eye conditions are related to the use of eye care services.
Despite the above limitations, one notable strength of this study was the large sample size (n = 22,096), which is representative of the general South Korean population in all age groups older than 5 years. Furthermore, the validity of our results was controlled; we used a standardized protocol, and our examiners were periodically trained by acting staff members of the Epidemiologic Survey Committee of the Korean Ophthalmological Society. Our findings could be used to promote the use of eye care in South Korea and to identify specific sub-groups that should receive additional education about care resources.
In conclusion, in South Korea, there are sociodemographic disparities that correlate with the use of eye care services. Our current study has demonstrated that there are significant differences in socioeconomic factors of household income, NHI status, and PHI status in children aged 5 to 11 years. Females, who are generally considered to have a more f lexible work schedule, may have more time to use eye care services, as well as people who living in urban areas, where they can easily access eye care service. People that have difficulty with daily activity with a BCVA less than 20 / 40 in the worse-seeing eye are more likely to use eye care services during their lifetime; however, people with low education levels and those ≥12 years of age are not likely to use eye care service during their lifetime. Awareness must be increased to address these disparities, and targeted intervention programs must be established to increase access to eye care services. The findings of this population-based study will provide useful information for policy makers and program planners to promote the use of eye care services in South Korea.
